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otides which are especially useful for the synthesis of 
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chemically bound a nucleoside. The chemical bonding 
PROCESS FOR PREPARING POLYNUCLEOTIDES of the nucleoside moiety to the polymer is by means of 
. reactive groups on the polymer which react with reac- 

This application is a continuation-in-part of copend- rive groups of the nucleoside molecule. Representative 
rag application Ser. No. 126,025 filed Feb. 29, 1980 now 5 combinations of such groups are amino with carboxy to 
a&jndoned. form amide linkages between the nucleoside and the 

The inventions described herein were made in the support, or hydroxy with carboxy to form ester linkages 
course of work under a grant or award from the De- between the respective moieties, 
partment of Health, Education and Welfare. To ^^1^ ,h e requi8ite cheraical Mch 

BACKGROUND OF THE INVENTION 10 of reactants must of course contain the necessary 
i viM A ftt.» t„,„>„.i~„ reactive groups. Thus, the polymer support can be pro- 

L. Field of the Invention vMed with termir^ carboxy fimctimXy which 

The present mvention relates to modified morganic react ^ hydroxyl and/or amino groups of Aenuckc- 
polymers and to methods of making such modified inor- s : d . Alternative,? n ,,«.i™«M» ;! "vl „ • j 
game polymers. Additionally it Lu* to methods of ,5 ^SS^^^^^^^ 
producing polynucleotides utilmng said modified inor- /or ^ ^ a di«rtoxy«c ad"S &e 

gamc^ymers as a support structure. carboxy-functional nuclLide reacj with hyd^Sy or 

f; _ ■ , - , , amino groups of the polymer support Hydroxy and 

™^™-^P*-te™^-^-to-te V aop-a— amo&^fy^h^fpSseit^SgS- 
successful methodology for synthesizing sequence de- 20 suouort can he «itmA«*^ w» i™™™ ^J.TJ. 6 ^". 
fined oligonucleotide, However, the stepw^ synthesis ^^th*^^^ 

with low yields. One prior art technique has included ^f course, the nucleoside moiety of the present modi- 
the use of organic polymers as supports during polynu- 25 m °' gam< \ P 01 *"^ include more than one 
cleotide synthesis. Classically the^a^r problems with ™* T^/ * TS? ? nucl f d ff 

polymer supported synthesis strategies has been inner- Z?*™*? as oLgonucleotides with the oligonucleotide 
ent in the nature of the polymer support Various prior ^Lu^f* , to ^ Polymer support 

art polymers used in such syntheses have proven inade- thrOUgh angle chcnucal lmU &> c * cster lmka S^ 
quate for reasons such as: (1) slow diffusion rates of 30 ^ thm modifled inorganic polymer supports are 
activated nucleotides into the support; (2) excessive m steDwi se addition of nucleosides or oligo- 

swelling of various macroporous, low cross-linked sup- nucleotides to the original nucleoside moiety of the 
port polymers; and (3) irreversible absorption of rea- su PP°*t by a series of process steps as described herein- 
gents onto the polymer. See for example, V. Amarnath Su °secniently, the polynucleotides so produced 

and A. D. Broom, Chemical Reviews 77, 183-217(1977). 35 f e released from ^» polymer support and recovered 

Modified inorganic polymers are known in the prior from P° lvmer b y a series of process steps including 
art, primarily for use as absorption materials, for exam- aUcali -Mrolysis of the chemical bond between the 
pie, in liquid chromatography. The attachment of nu- polynucleotide and the support 
cleosidephosphates to silica gel using a trityl linking The present invention is particularly useful in the 
group is described in the prior art (H. Roster, Tetrahe- 40 chemical synthesis of any deoxyribonucleic acids 
dron Letters, 1527-1530, 1972) but the method is appar- (DNA) and ribonucleic acids (RNA) which contain any 
ently applicable only to pyrimidine nucleosides. The deoxynucleotides, nucleotide, polynucleotide, and 
cleavage of the nucleoside from the silica support can polydeoxynucleotide, as well as polypeptides. Thus 
only be accomplished with acid to which the purine natural DNA and RNA as well as new DNA and RNA 
nucleosides are sensitive. 45 can be synthesized. 

The production of phosphotriester derivatives of A wide variety of inorganic polymers can be em- 
oligothyrnidylates is described in the literature (R. L. ployed in the present invention and these include, for 
Letsinger and W. B. Lunsford, Journal of the American example, silica, porous glass, aluminositicates, borosili- 
Chemical Society, 98:12, 3655-3661) by reaction of a cates, metal oxides such as alumina and nickel oxide, 
phosphorodichloridite with a 5' — 0 blocked thymidine 50 and various clays. The polymer should be substantially 
and subsequent reaction of the product with a 3' — O — insoluble in the reaction solvents employed and rela- 
blocked thymidine followed by oxidation of the result- tively chemically inert to the reagents employed during 
ing phosphite to a phosphate and removal of blocking processing, except of course for the chemical reactivity 
groups to obtain the phosphotriesters; using this proce- required to form the hereinbefore-described chemical 
dure, the tetramer and pentamer products, dTpTpTpT 55 bond with the initial nucleoside through which the 
and dTpTpTpTpT in which T is thymidine were eventual polynucleoside is attached to the support 
prepared. Unfortunately, the process requires separa- The process of the present invention is accomplished 
tion and purification of products at each stage to ensure by treatment of the nucleotide or nucleoside-modified 
proper sequencmg of the added nucleosides. Separation inorganic polymer support by a series of sequential steps 
techniques including precipitation and washing of pre- 60 whereby each series results in the addition of nucleotide 
cipitates are necessary to implement each successive to the modified support until the desired sequence of 
stage reaction. nucleotides is obtained. The series of sequential steps is 

as follows* 

BRIEF DESCRIPTION OF THE INVENTION , \ \. ' * ' 

« (a) coupling of a selected nucleoside through a phos- 

The present invention provides new and useful modi- w phite linkage to the nucleoside bound to the poly- 
fied inorganic polymers. It also provides a new process mer support, i.e. the nucleoside-modified support; 

for producing such inorganic polymers. In general, the (b) optionally, but preferably blocking uhreacted 
modified inorganic polymer supports of the present hydroxyl groups on the nucleotide of the polymer 

invention comprise the inorganic polymer to which is support; 
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(c) oxidation of the phosphite linkage of step (a) to 
form a phosphate linkage. 

(d) removal of protecting group from the selected 
nucleoside described in step (a) to regenerate a 
reactive site for the next cycle of these steps. 

Each nucleoside is added sequentially to the polymer 
support by repetition of steps a, b, c and d until the final 
oligonucleotide is obtained, after which the oligonucle- 
otide is then removed from the support by hydrolysis 
reaction which can also remove blocking groups from 
the oligonucleotide molecule. The removal of blocking 
groups and hydrolytic cleavage of the oligonucleotide 
from the support can be accomplished stepwise, which 
is preferred, or in a single hydrolysis reaction. 

The nucleoside-modified support is prepared by co- 
valently coupling a nucleoside to the inorganic polymer 
using a suitable coupling agent through the 3 - or the 
5' — OH of the starting nucleoside. This is accomplished 
_with-the^startmgnucleoside-bemg4?locked-in-either-the- 
3'- or the 5' — OH, and the nucleoside is coupled through 
the unblocked hydroxy group to the polymer support 
by the coupling agent After condensation, residual 
reactive groups, e.g. carboxy groups, which did not 
react can be blocked by suitable means, e.g. conversion 



While the invention can be implemented with a vari- 
ety of inorganic polymers, it will be described herein in 
more detail utilizing silica gel as the polymer support A 
particularly preferred silica gel is macroporous silica 
3 which is used in high performance liquid chromatogra- 
phy (hplc). In addition, the invention will be described 
using deoxynucleotides but it should be understood that 
ribonucleotides can be substituted therefor to obtain 
similar results. 

10 As employed herein, the terms nucleoside, nucleotide 
and oligonucleotide are intended to include the deoxy 
counterparts which differ only in the absence of a hy- 
droxy group in the 2' position. Thus, these terms include 
structures wherein the 2' position substituent is H or OH 

15 (as shown hereinafter by substituent A in formulae I, II 
and III). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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(A) Preparation of nucleoside-modified support 

The nucleoside is preferably linked to the silica gel 
support through a linkage which is readily hydrolyz- 

f able, preferably with a weak base such as ammonium 

of carboxy groups to carboxamide by reaction with 25 hydroxide. The most preferred linkage is an ester link- 
simple amines. Thereafter, the blocked 3'- or 5'-hydroxy a £ c which readily hydrolyzcs in a weak base such as 
group is converted to free hydroxy by removal of the ammonium hydroxide. This linkage can be accom- 
blocking group and the free hydroxy group is available plished by first linking carboxy functionality to the 
for condensation with a selected nucleoside containing support or by preforming the ester linkage on the nucle- 
a phosphite linking groups as in step (a) hereinbefore 30 os * cie . ^ v esterification followed by condensation of the 



described, 

A variety of coupling agents or groups on the poly- 
mer support can be used to covalently link the initial 
nucleoside or oligonucleotide to the polymer support 
Representative groups include amino, especially pri- 35 
mary amino, hydroxy, thiol, sulfonic acid, phosphorous 
and phosphoric acid, particularly in the form of acid 
halides, especially chloro and bromo and carboxy, 
among others. These reactive groups are conveniently 
attached to the polymer support commonly through a 40 
hydrocarbyl radical such as an alkylene or phenylene 
divalent radical, one valence position being occupied by 
the chain bonding and the remaining attached to the 
reactive groups. Such hydrocarbyl groups may contain 
up to about 10 carbon atoms, preferably up to about 6 45 
carbon atoms. Alkylene radicals are usually preferred 
containing 2-4 carbon atoms in the principal chain. 

The nature of the reactive group which bonds the 
nucleosie to the polymer support is not critical but 
should preferably be readily hydrolyzable to permit 50 
separation of the oligonucleotide product from the pol- 
ymer support at the conclusion of the preparative pro- 
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If desired, the aforesaid coupling groups can be pres- 
ent on the nucleoside for reaction with reactive groups, 
eg. hydroxy or amino, on the support polymer. Nor- 
mally it is preferred to have the coupling groups on the 
polymer support 

The process of this invention, and the new and useful 
nucleoside-modified inorganic polymer support used 60 
therein are particularly advantageous in that they pro- 
vide a rapid synthetic route to oligonucleotides and 
oligodeoxynucleotides which is characterized by high 
yields and high purity, Each mononucleotide addition 
requires maximally 2-3 hours with yields of 95% and 65 
greater being obtained for each addition. Further, these 
same yields are obtained as the oligonucleotide grows in 
size. 



esterified nucleoside through the esterifying acid moi- 
ety to the support 

The first of these embodiments can be accomplished 
by the following steps: 

(1) conversion of silica gel to a matrix containing 
axninoalkyl groups or hydroxyalkyl groups cova- 
lently bound thereto; 

(2) reaction of the aminoalkyl silica or hydroxyalkyl 
silica with a dicarboxylic acid to form an amide or 
ester linkage and carboxy functionality; 

(3) blocking unreacted silanol OH groups; 

(4) condensation of the free carboxy groups of the 
silica with the free hydroxy (3'- or 5 -) of the se- 
lected nucleoside; and 

(5) blocking unreacted carboxy groups by conversion 
to unreactive derivatives, e.g. amides. 

The alternative embodiment involves the following 
steps: 

(1) conversion of silica gel to matrix containing ami- 
noalkyl groups or hydroxyalkyl groups; 

(2) block unreacted silanol OH groups; 

(3) join the derivatized silica gel through amide or 
ester formation to the free carboxy group of a se- 
lected nucleoside which has been modified to con- 
tain the half ester of a dicarboxylic acid; and 

(4) blocking unreactive amino or hydroxy groups on 
the silica gel support, e.g. using acetic anhydride. 
Both embodiments give the same product from 
identical reactants. The second embodiment how- 
ever is preferred since it leads to more control of 
the amount of nucleoside loaded onto the silica gel. 
Additionally, the second embodiment leads to 
more nucleoside joined to the silica gel (approxi- 
mately 100-120fi mole/g compared to 10-40^ mo- 
le/g by the first embodiment). 

Preferably, the nucleoside is linked to the silica gel 
through the 3'— OH group rather than the 5'— -OH 
leaving the 5' — OH available for linkage through phos- 
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phite to the added nucleoside. Thus, linkage of the 
added nucleoside occurs at the 3'— OH group and the 
5'— OH remains available for linkage to a further added 
nucleoside. 

Accordingly, to accomplish the desired linkages at 
the 3'— OH and 5'— OH respectively, the initial nucleo- 
side is linked through the 3' — OH to the silica gel by the 
coupling reaction previously defined herein. This is 
accomplished by blocking the 5' — OH e.g. by use of 
trityl groups, such as the dimethoxytrityl group, which 
are preferred since they are readily removed after the 
initial 3' — OH coupling reaction occurs. 

When the initial nucleoside includes amino groups, 
e.g. guanosine, adenosine, cytidine, deoxyguanosine, 
deoxyadenosine and debxycytidine, it is preferred to 
block these groups using known acylating techniques, 
e.g. with acetic acid, benzoic arid, isobutyric acid and 
like acids and such blocking group can be removed 
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followed by condensation with the added nucleoside 
through the 3'— OH. Alternatively, and preferably, the 
phosphite group is incorporated into the added nucleo- 
side at the 3'— OH (the 5'— OH being blocked as by 
trityiating) and the resulting nucleoside phosphite then 
reacted with the 5'— OH of the nucleoside on the silica 
gel. 

The deoxynucleoside-modified silica gel can also be 
condensed with a selected nucleoside through forma- 
tion of a triester phosphite linkage between the 3'— OH 
of the deoxynucleoside of the silica gel and the 5' — OH 
of the selected deoxynucleoside. The phosphite linkage 
can be produced by first incorporating the phosphite 
group onto the 3' — OH of the nucleoside on the silica 
gel followed by condensation with the added nucleo- 
side through the 5'— OH. Alternatively and preferably 



when convenient, u s ually after the final oligonucleotide b y this a p proach, the phosphite group is incorporated 

20 mto added nucleoside at the 5' — OH (the 3'— OH 
being blocked as by trityiating using art form proce- 
dures) and the resulting nucleoside phosphite then re- 
acted with the 3'— OH of the nucleoside on the silica 
gel. 

The general reaction can be represented by the fol- 
lowing: 



is Obtained. 

The aminoalkyl groups are incorporated oh the silica 
gel by reaction of amihoalkyl-trialkoxysilane which is 
conveniently accomplished by refluxing in a solvent, 
e.g. toluene, for several hours. Suitable reagents include 
aminopropyltriethoxysilane, 4-aminobutyltrimethoxysi- 25 
lane, 4-ammobutyItnethoxysilane, 2-aminoethyltrie- 
thoxysilane and others. 

The dicarboxyiic acid employed in forming the ester 
linkage of deoxynucleoside to die silica gel can be any 
of a variety such as succinic, glutaric, adipic, phthalic, 30 
maleic and similar such dicarboxyiic acids of the ali- 
phatic or aromatic type containing preferably up to 
about 10 carbon atoms. Esterification with the dicar- 
boxyiic acid is best accomplished by using the acid 
anhydride to assure monoesterification. 35 

The product produced, i.e. the nucleoside-modified 
silica gel, can be represented by the following formula: 



40 



45 



O A 
I 




RlO— P- 
X 



— o 




wherein B is the nucleoside or deoxynucleoside base; P 
represents the silica support and the' covaleht linking 
group which is preferably represented by the formula 

(silica gdH-CHs>tNHCO Z CO— 



50 



OA P 9 A 

I I I I I 



OR 1 



in which n is an integer from 1-5 and Z is divalent 
hydrocarbyl radical including alkyl, alkenyl, cycloal- 
kyl, aryl and aralkyl of up to about 10 carbon atoms; A 55 
is H or OR; and R is H or a blocking group, e.g. trityl, 
methoxytrityl, dimethoxytrityl, dialkylphosphite, 
pivalylisobutyloxycarbonyl, t-butyldimethylsilyl, and 
similar such blocking groups. 

60 

Formation of phosphitic-linked pligonucleosides 

The deoxynucleoside-modified silica gel is condensed 
with a selected nucleoside through formation of a tri- 
ester phosphite linkage between the 5'— OH of the 
deoxynucleoside of the silica gel and the 3'— OH of the 65 
selected deoxynucleoside. The phosphite linkage can be 
produced by first incorporating the phosphite group 
onto the 5' — OH of the nucleoside on the silica gel 



m 



The preferred reaction is represented as follows: 



O 
I 

R|0— P— X 
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-continued triazolylphosphine can be used to form the diethyl 

o B phosphite-5'-deoxynucleoside tries ter. Corresponding 

di-lower alkoxy nitrogen-containing heterocyclylphos- 
phines can be used in lieu of the triazolyl phosphine, e.g. 
tetrazolyl, imidazolyl and 4-nitroimidazolyl phosphine, 
? A to produce the corresponding di-lower alkyl triester. 

ro— p— o— ° These nitrogen-heterocyclylphosphines are prepared 

from the corresponding phosphinyl chloride, of course, 
the phosphinyl chloride can be used to phosphinylate 
10 the nucleoside but the nitrogen heterocyclyl phosphines 
are preferred since their use leads to higher yields. 
More traditional blocking or capping groups can be 
^ employed such as acid anhydrides like acetic anhydride 

and arylisocyanates like phenyl isocyanate but these 
wherein A, B and © are as previously defined, R is a react more ^owly with the unblocked 5'-hydroxy 
blocking group as previously defined, Ri is lower alkyl S 10 ^' When acetylation with acid anhydrides, eg. 
and X is halogen, preferably CI or Br, or a secondary *&&c anhydride, is conducted in the presence of tcr- 
amino group attached thro ugh the annuo nitrogen. -The tiaiy_amines._especially_dir!oweralkylarainopy^ 



secondary amino group represented by substituent X is jq ^ Q^ethylammopyridine, acylation occurs rapidly 
preferably one which is formed by removal of the hy- and this procedure is preferred for blocking especially 
drogen atom from a ring nitrogen of a nitrogen hetero- the 5'-hydroxy group. The dialkylphosphite capping 
cyclic compound which contains unsaturated bonds in group can also be used. The resulting triester is rela- 
the ring structure. Exemplary nitrogen-containing het- tively nonhydrophobic and a preferred purification 
erocyclics include tetrazole, substituted imidazoles such „ involves reverse phase high performance liquid chro- 
as nitroimidazole, indole pyrazole, imidazole, benzimid- matography which assures separation of the nonhydro- 
azole, isoindole, pyrrole, triazole, dioxazole and similar phobic by-product from the product containing the 
heterocyclics, as well as analogs and homologs thereof. hydrophobic 5'— O— dimethoxytrityl group. 

When X is such a secondary group, the resulting To block unreacted silanol hydroxy groups on the 
product is very reactive and somewhat unstable at ordi- alka gel before nucleoside addition, the use of trialkox- 
nary temperatures. In present experience, these com- JU ysilyl chloride is preferred, although blocking can also 
pounds should be freshly prepared as needed, or alter- ^ accomplished by acylation with hydrocarbyl- 
natrvely they can be prepared, isolated and stored in mo „ocarboxylic acids, preferably containing up to 10 
sealed containers at reduced temperate, usually well cubogL atom3 . such ^ ^ but^ tobu- 

below 0 C. and usually at about =20 C. f „ « Q „ A 

The removal of the blocking group R permits reac- 35 tynC and 
tion with a further nucleoside of formula II and repeat Oxidation of phosphite to phosphate 

reaction gives rise to the polynucleotide of determined „ . . ,. . „ . . . . ... 

sequence of nucleotides attached to the sUica gel ?? e . OHdabon 1S formally earned out using ,odme as 
though the covalently-bonded Unking group, e* ester ""J""* « .«»« ^ard procedures Alterna- 
linking group 40 tively, the oxidation can also be accomplished by reac- 

The phosphite linking group is introduced into the *> n ^ P*™*™ «■« butyl peroxide and 

nucleoside moiety of the silica gel at the 5'-OH position J™ 1 ^oxide as well as. hydroperoxides. The use of 
or the 3'-OH position of the added nucleoside by reac hyd j Dgen Peroxide can lead to the formation of side 
tion with a hydrocarbyl (as previously defined herein) Products and is not Preferred 

phosphorodichloridite, eg. methyl phosphorodichlori- « Oxidation should be effected before further conden- 
dite, preferably in the presence of a base, such as an f tion of nucleoside is attempted to obtain best yields, 
organic amine. The resulting compound of formula II Attempts to defer oxidation until after all condensation 
can be stored in solvent for about one week under an tactions are completed have resulted in reduced yield 
inert gas such as nitrogen or argon and temperatures of oligonucleotides, due to formation of side products, 
below about — 20* C. 50 The removal of blocking groups is accomplished by 

The reaction of compounds of formula I with those of m recognized procedures using mild bases such as 
formula II is effected in the presence of a base, such as ammonium hydroxide whether at room temperature or 
an organic amine, preferably tertiary organic amines, at elevated temperature. 

e.g. pyridine, lutidines and similar amines. 111 stepwise removal of blocking groups, it is pre- 

55 ferred to first remove the alkyl group, e.g. methyl, from 
Blocking Reactions the phosphotriesters using triethylammonium thio- 

After condensation of the selected nucleoside phenoxide in solvent, e.g. dioxane or tetrahydrofuran. 
through phosphite linkage to the nuceloside or oligonu- Thereafter, the product is treated with ammonium hy- 
cleotide attached to the silica gel support, a small but droxide at room temperature (20* C.) to hydrolyze the 
significant amount (about 1-5%) of the nucleoside or 60 ester linkage joining the oligonucleotide to the support, 
oligonucleotide attached to the silica gel does not react Then N-acyl blocking groups, e.g. acetyl, benzoyl, and 
with the added nucleoside. These unreactive moieties isobutryl, are removed by warming at 50" C for about 
preferably are capped or blocked in order to prevent 12 hours. 

the formation of several deoxyoligonucleotides with The removal of trityl blocking groups is conveniently 
heterogeneous sequences. This capping or blocking step 65 effected employing Lewis acids, particularly zinc bro- 
can be accomplished by reaction with a very reactive mide, although other Lewis acids have also been effec- 
phosphite to form a 5'-phosphite ester group, a rela- tive, e.g. AJCb, BF3 and T1CI4. Usually nitromethane is 
tively nonhydrophobic triester. For example, diethoxy- used as solvent for this reaction although other solvents 
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such as tetrahydrofuran can be used, as well as mixed 
solvents such as nitromethane and a lower alkanol, such 
as methanol. Alternatively, protic acids such as toluene- 
sulfonic acid can be used to remove the blocking group. 
With purine nucleoside-containing products, however, 
some depurination can occur when protic acids axe 
employed and therefore the use of Lewis acids is pre- 
ferred for removal of the blocking group from purine 
containing products. 

Employing the hereindescribed process, oligonucleo- 
tides containing up to 10-30 nucleoside units can be 
produced. The oligonucleotides can be converted by 
T4-ligase and T-4 kinase to form a DNA sequence of 
choice by known enzymological reactions. 
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invention and are maintained at room temperature for 
use therein. 

Valve 28, is appropriately programmed under control 
of controller 15' to select among the five nucleoside- 

5 active phosphite triester contained in reservoirs 30, 32, 
34, 36 and 38, and the wash solvent in reservoir 40. 
Once again, valve 28 permits independent selection (to 
prevent cross contamination) as described above. In 
addition, the reservoirs 30-38 are designed to main tain 

10 the adducts at —78* C and the valve 28 to allow for the 
passage therethrough at this temperature. 



Valve 42 is under the control of programmed con- 
troller 15" for the selection of cleavage reagents con- 
tained in reservoirs 44 and 46 and a wash solvent in 
The products as obtained after hydrolysis can be 15 reservoir 48. These reagents and solvent are necessary 
purified by standard procedures after separation from to cleave the oligonucleotide from the support matrix 
the inorganic polymer support The final purification is 12 in column 10 and are maintained at room tempera- 
preferably by reverse phase hplc of the 5' — O — dime- ture. 

thoxytrity ioiigonucleotide ~ as ~ previously — mentioned — The vaiveSO operates in coiyunction with pump 56 

herein, followed by removal of the dimethoxytrityl 20 to selectively convey solvents, reagents or adducts from 
group, e.g. using a lower alkanoic acid such as acetic the valve 14, 28 and 42 towards the valve 52. In turn, 
acid. this valve 52, under suitable control of a valve control- 

ler (not illustrated) selects between flow through the 
column 10 and uv detector 58 or recycling through 
The accompanying drawing is a schematic flow dia- 25 column 10. Valve 54 is controlled to direct the flow 



DESCRIPTION OF THE DRAWING 



gram of the apparatus of the present invention. 

More specifically, and with reference now to the 
drawing, an apparatus is illustrated to accomplish the 
foregoing. The column 10 is packed appropriately with 
solid silica gel matrix 22, derivatized as described 30 
herein. 

Valve 14 is appropriately programmed under control 
of valve controller 15 to select among the four active 
reagents contained in reservoirs 16, 18, 20, and 22, and 
the wash solvents contained in reservoirs 24 and 26. 
Valve 14 will permit the independent selection from 
any reservoir in any order without the need to sequence 
through intervening reservoirs. Thus, for example, the 
reagent from reservoir 16 may be selected, and immedi- 
ately thereafter the wash solvent from reservoir 24. 
These reagents are required for chain elongation in 
accordance with the teaching of the method of this 



from uv detector either to waste or collection. The uv 
detector 58 is utilized in the control of the system, 
through suitable feedback control means (not illus- 
trated). 

The^programmed operation of the system is illus- 
trated schematically in Table I below. This program 
illustrates the protocol for the addition of one nucleo- 
side and then cleavage of the chain from support 12. It 
will be apparent that the system may be expanded and- 
/or modified to accomodate the addition of more than 
one nucleotide, and that the entire system will prefera- 
bly operate under control of a suitably programmed 
microprocessor computer. 
The apparatus has particular applicability for auto- 
40 mated operation, details of which are within the pre- 
view of one skilled in the art. 

TABLE I 
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Step 


Duration ■ 


Valve 14, 28 42/ 
Selection Anode 


Valve 50 
Selection Anode 


Valve 52 
Selection Anode 


Valve 54 
Selection Anode 


Pump 
Speed 




2 t»*«- 


V-14/16 


V-14 


Flash 


Waste 


L 


2 


60 min. 


V-14/16 


V-14 


Recycle 




L 


3 


5 min. 


V-14/24 


V-14 


F 


»* 


H 


4 


5 min. 


V-14/26 


V-14 


F 




H 


. 5 


2 min. 


V-14/18 


V-14 


F 


» 


L 


6 


' 2 min. 


V-1V18 


V-14 


R 




L 


7 


5 min. 


V-14/26 


V-14 


F 




H 


8 


2 mm. 


V-14/20 


V-14 


F 




L 


9 


2 min. 


V-14/20 


V-14 


R 




L 


10 


2 min. 


V-14/24 


V-14 


F 




H 


11 


. 3 min. 


V-28/40 


V-28 


F 




H 


12 


20 sec. 


V-28/30 


V-28 


F 




L 


13 


5 sec 


V-28/30 


V-28 


F 




L 


14 


60 min. 


V-28/30 


V-28 


F 




L 


15 


10 sec. 


V-28/30 


V-28 


R 




L 


16 


30 sec 


V-28/30 


V-28 


F 


Collect 


L 


17 


Stop 












18 


.2 min. 


V-14/22 


V-14 


F 


Waste 


L 


19 


30 min. 


V-14/22 


V-14 


R 




L 


20 


5 min. 


V-14/26 


V-14 


F 




H 


21 


5 min. 


V-14/24 


V-14 


F 




H 






One Nucleotide Added; Cleavage Sequence: 






1 


2 min. 


V-42/44 


V-42 


F 


Waste 


L 


2 


60 mia 


V-42/44 


V-42 


R 




L 


3 


. 5 min. 


V-42/48 


V-42 


F 




H 


4 


30 tec 


V-42/46 


V-42 


F 




H 


5 


180 mia 


V-42/46 


V-42 


R 




L 


6 


10 mia 


V^2/46 


V-42 


F 


Collect 


L 
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TABLE I-continued 



Step 


Duration 


Valve 14, 28 42/ 
Selection Anode 


Valve 50 
Selection Anode 


Valve 52 
Selection Anode 


Valve 54 

Selection Anode 


Pump 
Speed 


7 


. -10 min. 


V-42/48 


V-42 


F 




L 



^ normally employing the acid anhydrides under acylat- 

The silica gel which is used as starting material in the ing conditions, 
production of the modified silica gels of the present The structure of the covalent linkage between the 
invention is not critical. Silica gel particles in the range 10 first nucleoside and the silica support is not critical as 
of from about 5 urn to about 1000 urn are useful, with long as a substantially stable covalent linkage is formed 
particles in the range of about 10 pm to about 50 ujn to bind the nucleoside during the sequential nucleoside 
being preferred. In a similar manner pore size is not addition cycles. The covalent linkage therefore should 
critical. Pore sizes in the range of about 50 A to about be stable to the sequential reaction conditions but 
2000 A are preferred. 15 should be reasonably readily hydrolyzable to permit 

The modified silica gels of the present invention: (1) recovery of the formed oligonucleotide after comple- 
allow relatively rapid diffusion of activated nucleotides, tion of nucleoside addition. Thus, ester and amide link- 
and other reagents into the support; (2) avoid swellin g; ages ar e particularl y e ffective with the desire d degree 
and (3) resist~adsorption of reagents. Additionally, the of stability and, at the same time, being readily hydro- 
modified silica gels of the present invention are (1) in- 20 lyzable after nucleoside addition is completed using 
soluble in most solvents; (2) in use as support matrices, weak or strong bases. 

allow solvents and unwanted reaction products to be As used herein the symbols for nucleotides and 
easily washed from the matrix, while inamtaining the polynucleotides are according to the IUPAC-IUB 
desired reaction products in place and capable of con- Commission of Biochemical Nomenclature Recommen- 
tinuous processing; and (3) allow the supported material 25 dations [(1970) Biochemistry 9, 4022]. 
to react relatively rapidly and in high yield, for exam- The following examples further illustrate the inven- 
ple, in cylindrical condensation. tion. 

The modified silica gel employed to react with the 
initial nucleoside of the oligonucleotide chain to form EXAMPLE 1 

the initial reactive material is prepared by art-recog- 30 A. Polymer supports functionalized with carboxylic 
nized procedures. The production of a variety of func- acid groups are prepared from silica geL 
tional groups on the surface of the silica gel suitable for A separation group silica gel supplied by Vydak as 
reaction with the hydroxy (3- or 5'-) of the initial nucle- TP silica, having 20 fxm particle size, 300 A pore size is 
oside can be effected using known methods, e.g. meth- used as the starting material. The silica gel was placed in 
ods described in U.S. Pat. Nos. 3,519,538; 3,419,517; 35 a desiccator over a saturated LiCl solution for 24 hours. 
3,652,761; and 3,669,841. The initial step in the process is silylation by refluxing 

The preferred method for the present invention is to 3-aminopropyltriethoxysilane (2.3 g, 0.01 M) with the 
introduce amino functionality on the silica by reaction silica gel (2.6 g) in dry toluene. After silylation is sub- 
with an aminoalkyl silane derivative, e.g. by reaction of stantially complete, in this case after about twelve hours 
a trialkoxy 3-arniriopropylsilane such as triethoxy 3- 40 of refluxing, the reaction mixture is cooled and the 
amino-propylsilane with the silica support to form the toluene solution removed The thus silylated silica gel is 
covalent linkage: then washed serially with toluene, ethanol and then 

with ether and air dried. Succinic anhydride (2.5 g, 
OEt 0.025 M) in water is next reacted with the silane modi- 

si— q_ si— (CH2)3NHi 45 to provide carboxylic acid functionality to 

I the terminal portion of the covalently bonded silane 

OE * side chains. During this latter reaction, the pH is main- 

tained between 4 and 6 by addition of a base, such as 2 
and the amino group is reacted with one carboxy group N sodium hydroxide. After this latter reaction, which 
of a dicarboxylic acid therefor giving rise to carboxy 50 proceeded for about 6 hours, the modified silica gel 
functionality on the silica gel where condensation of containing carboxylic acid functional groups on its side 
amino and carboxy occur. The silica gel can next be chains is washed with water, then with methanol and 
treated to block unreacted silanol groups with suitable ether, and then finally dried in vacuum at room temper- 
blocking agents, e.g. trialkylhalosilanes such as trime- ature. The modified silica gel is than treated with trime- 
thylchlorosilane or the bromo analog. 55 thylsilylchloride [(CH3>3 SiCl, 1.09 g, 0.01 M] in anhy- 

The resulting carboxy-derivatized silica can then be drous pyridine by refluxing for about 12 hours. The 
reacted with the hydroxy group (3'- or 5'-) of the first resulting modified silica gel is then washed with 5% 
added nucleoside. trichloroacetic acid in water, then with water, and then 

Alternatively, as previously indicated herein, the with ethanol and ether. After drying in vacuum, the 
dicarboxylic acid can be reacted with the selected nu- 60 yield of carboxylic acid functionality on the modified 
cleoside to form a monoester at the 3' — O or 5' — O and silica gel is about 250 u. mole/g. 
the resulting ester containing a free carboxy group in B. 5'-^^imethoxytrityldeoxythymidine (1.17 g, 
the esterifying radical can be condensed with the 0.002 M) and the modified silica gel described in A (4 g, 
amino-derivatized silica to form the same covalent link- 0.001 mole carboxylic acid functional group) are re- 
age between nucleoside and silica support Any unre- 63 acted for about 40 hours in anhydrous pyridine using 
acted amino groups of the amino-derivatized silica gel dicyclohexycarbodiimide (2.06 g, 0.01 M) as condens- 
are preferably blocked by acylation with monocarbox- ing agent The unreacted residual carboxylic acid 
ylic acids such as acetic, benzoic or isobutyric acids, groups in the modified silica arc blocked, by the addi- 
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tion of p-nitrophenol (1.4 g, 0.01 M) followed by the ml). The precipitate is collected by centrifugation and 
addition of 10% piperidine in pyridine (25 minutes). dried in vacuo. 

The reaction product is then washed serially with tetra- To obtain the nitrophenyl esters, succinylated nucleo- 
hydrofuran, methanol and finally with ethyl ether. side (1 mmole) was dissolved in dry dioxane (3 ml) 
Then, as a precaution to assure complete blockage of 5 containing pyridine (0.3 ml). DCC (10 mmole, 0.22 g) 
unreacted carboxylic acid, the composition is first and p-nitrophenol (0.14 g, 1 mmole) were added and the 
treated with dicyclohexylcarbodiimide and p-nitro- solution shaken for 2 h. Dicyclohexyl urea was re- 
phenol and then piperidine in pyridine for a second moved by centrifugation. Analysis by tic in acetoni- 
time. After removal of the dimethoxytrityl group using trileilfeO (9:1, v/v) indicates the product with an R/of 
0.1 N p-toluenesulfonic acid in acetonitrile, the yield of 10 0-8- This supernatant free of dicyclohexylurea is used 
thymidine attached to the support is found by spcctro- directly for coupling to silica gel. 
photometry to be about 40 u. mole/g. Silica gel prepared as outlined in A of this example, (5 

p v a mpt pi g if 50M m <>le nucleoside/g desired; 2.5 g if 100/i mole 

CAAiVirL ' li 1 nucleoside/g desired) was suspended in dry DMF. The 

A. Silica gel (Vydac ATM, 25 gms) was placed in a 15 p-nitrophenylsuccinylated nucleoside derivative (super- 
desiccator over a saturated LiCl solution for 24 nr. The natant prepared herein) was added to the silica gel and 
silica gel was transferred to a 500 ml round bottom ^5 resulting suspension was shaken for two hours. An 
flask, toluene (250 ml ) a nd amin o p ropy ltrietho xysilane -a liquot of silica gel (a p prox. 1 m g ) was then removed 



(13 ml) were added, the flask was tightly sealed, and the foT anal y sis ' After washing the aliquot with DMF(2 X), 

suspension was gently shaken for 12 h at room tempera- 20 methanol (3 X) and ethyl ether (2X), 0.1 M toluenesul- 

ture. The flask containing the suspended silica gel was fonic acid in acetonitrile (1 ml) was added to the aliquot 

next refluxed for 18 h. Before starting the reflux, add m ^ ^ trit y* released from silica as a red-orange color 

one boiling chip to the solution. Following the reflux was observed. This analysis can be completed quantita- 

step, the silica gel suspension was transferred to a cen- tively if desired. If this analysis appears satisfactory (Le. 

trifuge bottle and- the silica gel pelleted by a low speed 25 a P 0 "^ t"^ 1 test )» the bulk of the silica gel was 

spin. The supernatant was decanted and the silica gel washed with DMF (3 X, 10 ml ea), dioxane (3 X, 10 ml 

was washed with toluene (3 X, 80 ml ea), methanol (3 X, methanol (5 X, 10 ml ea), and ethyl ether (3 X, 10 ml 

80 ml ea) and methanol:H 2 0, 1:1 (2 X, 80 ml ea). The 5* ^^ted n-propylamino silyl groups were then 

silica gel was next suspended in 80 ml 50% aqueous flocked with a solution of acetic anhydride (0.7 ml) and 

methanol and shaken overnight at room temperature. 30 S P vndine ( 5 ml). The silica gel was isolated by cen- 

Once again the silica gel suspension was isolated by tnfuga^tion decanting and repeated washing with meth- 

transfer to a centrifuge bottle followed by a low speed X 10 "* ea) ^ cth ^ e ?? T (2 S, 10 ml ea). 

spin. The silica gel was next washed with methanol^ . ^ a " ay completeness of the capping or block- 

X, 80 ml ea) and ethyl ether (3 X, 80 ml ea). Finally, the „ mg T £ groups « as follows 

silica gel was air dried for 6 fa and then dried in vacuo. 35 A ^o^^^ 

The silica gel was placed in a round bottom flask. A *™it^ J* K ammo * 

solution of dry pyridine (50 ml) and trimethylsilyl chlo- E^? ' "V" 

ride was added aid the suspension shaken afroom tern- ^^p^ 

centrifugation. The silica was then washed with metha- \r n ^*^ „„j „ .f , ♦ * _y _/ 

s ^xsaif e ? * (3 ^ ^ ™ e smca stz^ 

gel was air toedto 6 h and then dned m vacuo. aminopropylsflyl "Vydac" should appear bright 

B. The 5 -O^ethoxytntyl and N-pro ected orangc . rc £ The capped •'Vydac" will be K yellow. 

fTnSst!^ m 3 SOl ^° D 45 ora »ee. This probaWydue to interaction ofpicrvl sul- 

f n f Py? dme < 5 ^>J"? N^taethy anunopyndine fate with ring nitrogens on nucleosides. 

KJ^TTS T^ t?? e ' °* 2 j? V With som * Potions, a contaminant of sue- 
added ^d the solution stirred at room l temperature for cinylated n-propylamino groups will result from the 
12 h. TTun layer chromatography (tic) m acetomtnle:- presence of succmic acid ThiT succinic acid may be 
v/v c *° be .^ t0 m ° mt ° r the reactio «- 50 present because aU the succinic anhydride was not con- 
Unreacted unceloside will have an R/of approximately sumed during the succinylation or alternatively was not 
0.8 whereas the product wUl be a smear from R/0.3 to removed as succinic acid during the aqueous extraction 
R/0.5 After completion of the reaction, solvent is re- with citric acid. If succinylated n-propylamino groups 
moved m a rotary evaporator and the dry gum is redis- are present, they can be blocked in the following man- 
solved in toluene (10 ml). Toluene is removed using a 55 ner. The protected silica gel containing succinylated 
rotary evaporator and the toluene co-evaporation pro- nucleoside (either 5 g or 2.5 g) was suspended in a solu- 
cedure is repeated. The dry gum free of pyridine and N, tion of dry pyridine (5 ml) containing DDC (0.28 g) and 
N-dimethylammopyridine is dissolved in methylene- p-nitrophenol (0.16 g) and shaken overnight at room 
chloride (30 ml). This solution is transferred to an ex- temperature. Morpholine (0.2 ml) was then added and 
traction funnel and 10% ice-cold citric acid is added. 60 the suspension shaken for 10 minutes. Silica gel was 
After vigorous shaking and extraction, the organic isolated after centrifugation, decantation of the superna- 
phase is washed twice with water (15 ml ea) and then tant, and washing the silica gel with methanol (4 X, 10 
dried over sodium sulfate. Approximately 0.3 ml pyri- ml ea), THF (3 X, 10 ml ea) and ethyl ether (3 X, 10 ml 
dine is added to the methylene chloride solution in ea). After air drying, the silica gel was dried in vacuo, 
order to minimize detritylation while drying over so- 65 A quantitative assay for the trityl cation and therefore 
dium sulfate. The methylene chloride solution is con- the loading of nucleoside on the silica gel is as follows: 
centrated to 10 ml and the succinylated nucleoside iso- 1. Weigh accurately approximately 1 mg of dry silica 
lated by precipitation into hexane:ether (1:1, v/v; 250 gel. 
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2. Add 1 ml of 0.1 M toluenesulfonic acid in acetoni- Both nonamers and the heptamer are also biochami- 
trile. cally characterized. Al three compounds are found to 

3. Measure the absorbance at 498 nm. If the absor- be completely degraded by Snake Venom Phosphodies- 
bance approaches 2.0, dilute and re-read. The loading terase. The oligonucleotides isolated from each no- 
can be calculated as follows: 5 namer synthesis were phosphorylated using [5'- 

32 P]ATP and T4-kihase and then analyzed by gel elec- 
rAteWudnution factor) %M% trophoresis before and after partial degradation with 

loadmg m MmoJc/g = wt «mU gel in mg x 143 Snake Venom Phosphodiesterase. This analysis con- 

firms that the oligonucleotide is homogeneous and con- 
If 5 gm silica gel was used, the loading should be 10 tains nine nucleotide units. In order to confirm the se- 
approximatcly 40u. mole/g. If 2.5 gm silica gel was quence of [S'-^P] d(pT-OT-C-T-C-T-T-T), the sample 
used, the loading will be approximately 100ft mole/g. is analyzed by two dimension homochromatography. 

„ YA - |T)T „ . The sequence profile is found to be consistent with the 

J= " AAM±ajl 3 results expected for [5'- 32 P] d(pT-C-T-C-T-C-T-T-T). 

Deoxythymidine phosphomonochloridite is synthe- 13 Finally, [5'- 32 P] d(pT>9 was shown to polymerize in the 
sized by the addition of 1.0 equivalent 5' — O — dime- presence of T^-ligase and polydeoxyadenosine indicat- 
thoxytritylthymidine to 0.8 equivalent methylphos- ing that [5'-32p]d(pT)9 forms a duplex with poiydeox- 
phorodichloridite and 5 equivalents collidine in THF at y aden o sine a nd that this duplex is recognized by T4- 
—78" C. The resulting compound and a thymine-modi- ligase. Therefore, d(T)9 and d(T-C-T-C-T-C-T-T-T) 
fled silica gel matrix are utilized in oligonucleotide syn- 20 were biochemically active by every criteria so far 
thesis. The first step involves packing the thymidine- tested. 

modified silica gel into a glass column. This column is In preferred embodiments, the amino groups, such as 
attached through a series of valves and tubes to a pump those on cytosine, adenine and guanine are protected, 
and an injector loop. The apparatus is organized so that Protection of these groups is not a necessary part of this 
reagents can be recycled through the column, flushed to 25 process but does enhance nucleoside solubilities in the 
waste, or collected. The steps involved in synthesizing appropriate solvents. Benzoyl, trityl (as previously de- 
thymidylylthymidine attached to the support included: fined herein) or isobutyryl groups provide suitable pro- 
(1) recycling the deoxythymidine phosphomonochlori- tecting groups, although other protecting groups can be 
dite derivative in THF and collidine through the col- used without altering this process. Protected nucieo- 
umn of modified silica gel for about 1 hr, (2) oxidizing sides produced with good yields include 5'— O-— dime- 
the polymer supported dinucleoside phosphite to the thoxytrityl-deoxythymidine PMTrd(T)], 
phosphate using 0.01 M I 2 in water/2, 6 lutidine/THF 5'^-^imethoxytrityl-N-benzoyldeoxycytidine 
(30 min); (3) recycling phenylisocyanate in THF and 2, [DMTrd(bzC)], 5'— O— dimethoxytrityl-N-benzoyl- 
6 lutidine through the column for 1.5 hr. (this reagent deoxyadenosine [DMTrd(bzA)] f and S'-O-dimethox- 
protects against the formation of failure sequences by ytrityl-N-isobutyrldeoxyguanosine [DMTrd(ibG)] as 
reacting with unphosphorylated nucleoside hydroxyl protected nucleosides. A typical synthesis as illustrated 
groups); (4) flushing the column with toluenesulfonic ^th deoxyadenosine is as follows, 
acid in acetonitrile (2 min). All steps were performed at 

room temperature. The total time needed for addition of ^ EXAMPLE 5 

one nucleotide, including various wash cycles after This example illustrates the use of purine deoxynu- 

each step is about 4 hours. This four step procedure was cleotides. 

repeated several times in order to produce good yields DMTrd(bzA) (0.66 g. F 1 mmole) in dry THF (3 ml) is 
of two oligodeoxynucleotides, d(T)7 and d(T>9 attached added dropwise under an argon atmosphere to a stirred 
to the silica gel matrix. 45 solution of the THF (3 ml) containing methyldichloro- 

The same procedure as described above is used for phosphite (0.113 ml, 1.2 mmole) and 2, 4, 6 trimethyl- 
preparing d(T-C-T-C-T-C-T-T-T). This cytosine con- pyridine (0.633 ml, 4.8 mmole) at -78 # C. After 10 
taming phosphomonochloridite is prepared from minutes at -78 # C, the reaction solution is filtered 
S'^-^o^ethoxytrityl-N-benzoyldeoxycytidine. through a sintered glass funnel and solvent is removed 

EXAMPLE 4 50 by concentration in vacuo. Excess methyl phosphodi- 

chloridite is removed by dissolving the resulting gum in 
Removal of Oligodeoxynucleotides from the Support toluene: THF (2 ml, 2:1) and reevaporating in vacuo to 
and Characterization of the Compounds Produced a gum. This procedure is repeated several times to in- 
The oligodeoxynuclotides [D(T>7, d(T)9, d(T-C-T-C- sure removal of the dichloridite. The nucleoside phos- 
T-C-T-T-T)] are freed from protecting groups, isolated 55 phomonochloridite is converted to the tetrazolide. The 
and characterized. The methyl group is removed from gum resulting from the final re-evaporation is dissolved 
phosphotricsters using triethylammonium thiophenox- in THF (2 ml). A solution of tetrazole (0.063 g, 0.9 
ide in dioxane. This step is followed by treatment with mmole) in THF (2 ml) is then added dropwise with 
concentrated NH4OH which removed the N-benzoyl stirring at —78" C to the nucleoside phosphomono- 
group from cytosine and frees the oligonucleotides 60 chloridite. After 10 minutes at —78* C, the solution is 
from the support In each case the major product from transferred to a centrifuge tube, spun at low speed, and 
each synthesis, as determined by high performance the supernatant is removed. This solution contains the 
liquid chromatography, is found to be the described activated nucleoside methylphosphomonotetrazolide. If 
heptamer or the respective nonamers. Based on the not used immediately, this tetrazolide can be placed in 
amount of thymidine initially linked to the support, the 65 long term storage after precipitation by dropwise addi- 
isolated yield of d(T)9 is found to be about 25%. The tion into dry pentane, followed by collection, drying in 
corresponding yield of d(T-C-T-C-T-C-T-T-T) is found vacuo, and storing in sealed tubes under argon or other 
to be about 23%. inert gas at —20* C. All operations are performed under 
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inert gas to avoid oxidation. At no time is the active particularly useful in forming the requisite phosphorus 
agent exposed to air. linkage. These compounds are more reactive and conse- 
The foregoing procedure is applicable for the prepa- quently more efficient than the corresponding corn- 
ration of activated thymidine, deoxycytidine, and deox- pounds wherein X is halogen. These compounds are 
ydenosine nucleotides. For the preparation of the acti- 5 readily prepared from the compounds in which X is 
vated deoxyguanosine nucleotide, the procedure is the halogen (as described, for example, in Example 5) or 
SZZfZ&f* **Mfom*iy. The molar ratio of can be formed by reaction of analog" aminoValkoxy- 
DMTrd(ibG>, methyldichlorophosphite; 2, 4, 6 trime- phosphihe with the selected nucleoside, 
thylpyridine and tetrazole is 1:0.9:3.8:0.7. The steps The use of such hetero<:ydicaniinophosphine corn- 
necessary for addition of one nucleotide to the modified 10 pounds is exemplified in the succeeding examples, par- 
silica gel polymer support follow. The removal of the ticularly sample 5 which illustrates the preparation of 
dmiethoxytntyl group from the nucleoUde is accom- a tetrazolide and use thereof in formmg the necessary 
pushed by exposmg the modified silica gel support to phosphorus linkage. 

0.1 MZnBnin nitromethane for 15 to 30 minutes TTte Employing this procedure, a variety of such com- 

P ffi 4 ^ ^^T^i, bU ^ ^ 1U ^" 15 Pounds are prepared using tetrazole, nitroimidazole and 

ne:THF (4:1:5 by volume) and final* with THF.The tria2ole ^ ^ ^ nuclco a des to obtain ^ 

solvent ratio is not important since this step is used to ^rr^n^m« „„m 0 ™;^ . T !. 

remove potential zinc «ters of nucleosides. This step SKS^ 

could be^Lmaied bat-lower -yields-may-result-Gther ~^ y ' fi ^ hcom P ound ? delude nucleoside base t hy^ 

Lewis acids could be substituL for ZnBr* such as 20 T^T^^^L^ iS^F C ° m ' 
BF 3 , A1Q 3 and TiCU- However ZnBr* is preferred. W™**™ fur *f protected with blocking groups as 
Protic acids can also be used However approximately f ^° yl 8K T ™ ?l F° Up . ° f 

3-5% depurination of each purine by protic acids L CytOSmC f and a ^ cmne ** weU 88 ™*«tycyl or * e 
observed even when the amount of acid is reduced to gTOUp 0 guanme * 
the minimum amount needed to remove the dimethoxy- 25 EXAMPLE 6 

trityl group. The next step in the process is condensa- , .« • - 

tion of the protected and activated nucleotide to the ' ^ fo « owffl S «mifc illustrates the use of purine- 
nucleoside or oligonucleotide covalently bound to the deoxynucleotides m the mvention. 
support This is accomplished by using 10-15 equiva- e A ' HPLC grade si^ gel (2 g, Vydac TP-20TM, 
lents of the activated monotetrazolide and a reaction 30 Station Group, 100 mVg surface area, 300 A pore 
time of about one hour. The solvent is anhydrous THF. size, 20 m particle size) was exposed to a 15% relative 
This process may also be used for the addition of the n^midity atmosphere satd. LiCl) for at least 24 h. The 
activated monochloridites, triazolides and nitroimidazo- ( 2 '°S) was then treated with 3-triethoxysHyl- 

lides. However, best results were obtained with the propylamine (2.3 g, 0.01 M in toluene for 12 h at 20* and 
. tetrazolide. The next step in the process is the blocking 35 12 n . at under a DrieriteTM drying tube. This 

of unreacted 5'-hydroxyl groups. This is accomplished reaction was completed on a shaking apparatus because 
using a solution of acetic anhydride, dime- magnetic stir bars pulverize thee silica gel and should be 
thylaminopyridine, pyridine and THF. This may also be avoided. The silica was isolated by centrifugation, 
accomplished using a 0.33 M solution of diethylmono- washed successively (twice each) with toluene, inetha- 
triazolephosphite in 2.6-lutidine/THF (1 :5 by volume). 40 n °l ^ ctncr & dried, 

Thereactiontimeis5mmutesandisfoUowedbyaTHF B - The carboxylic acid group was introduced by 
wash. As a further alternative, a solution of agitating the silica so produced (2 g) and succinic anhy- 
phenylisocyanate/lutidine (45:55 by volume) and a 90 drfte B> 0.025 M) in water. The pH was controlled 
minute reaction time may be used for this step. This (pH 2-6) by addition of 2 M NaOH. Completeness of 
solution is then removed from the modified silica gel by 45 the carboxylation reaction was qualitatively monitored 
washing the support with THF and with acetonitrile. using a picrate sulfate test An aliquot of silica (approxi- 
The first procedure is preferred. This step can be elimi- mately 2 mg) was treated with 0.5 ml of 0.1 M picrate 
nated or other reagents that react with 5'-hydroxyl sulfate in saturated sodium borate buffer (pH 10). The 
groups and are compatible with the overall chemistry original silica reacted within 10 min and stained a bright 
can be substituted therefor. However, by including this 50 yellow whereas the acylated product remained white, 
step, the final purification of the desirable oligonucleo- The succinic anhydride reaction was allowed to con- 
tide is rendered much easier. This is because the com- tinue until the silica gel remained white during the pic- 
plexity of the total synthetic material bound to the sup- rate sulfate test Usually the total reaction time was one 
port is reduced considerably. The final step in each hour and a second addition of succinic anhydride was 
. cycle is oxidation of the phosphite to the phosphate. A 55 required. After washing successively (twice each) with 
composition of 0.1 M h in water/2, 6 lutidine/THF water, 0.1 M trichloroacetic acid, water, methanol and 
(1:1:3) is preferred, although other ratios can be used. ether, compound 2 was air dried, dried in vacuo, and 
Furthermore, other oxidizing agents such as N- then treated with trimethylsilylchloride (1.25 ml, 0.01 
chlorosuccinimide or aryl or alkyl peroxides could also M) in pyridine (7 ml) for 24 h at 25° and the product was 
be used. T-butyl peroxide is presently preferred as oxi- 60 then washed with methanol (4 times) and ether. Analy- 
dizing agent. After the addition of the appropriate acti- sis for extent of carboxylation involved a two step pro- 
vated nucleotides in any predetermined sequence, the cedure. An accurately weighed aliquot was treated with 
deoxyoligonucleotide is removed from the support as dicyclohexylcarbodiimide (DDC) and p-nitrophenol in 
described above in the synthesis of d(T)9. pyridine. After several washings with tetrahydrbfuran 

The compounds of formula II herein in which X is a 65 to remove unreacted p-nitrophenol, 10% piperidine in 
secondary amino group formed by removal of the H pyridine was added to the silica gel and the amount of 
atom of the secondary amino nitrogen of a nitrogen p-nitrophenol released was measured at 410 nm using 
heterocyclic compound are new compounds which are 1 .57 X 10 4 as the extinction coefficient of p-nitrophenox- 
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ide. The incorporation of carboxylic acid was 200 The tetrahydrofuran reservoir was protected from air 

pmol/g. with a nitrogen bubbler and the ZnBa solution was 

C The deoxynucleosides were joined to this product protected from moisture with the Drierite tube, 

using DCC. 5'^^iimethoxytritylthyinidine (1.1 g, 2.16 The various chemical operations that must be per- 

mmol) DCC (2 g, 0.01 mol), and 2 (4 g, 0.8 mmol car- 5 formed for the addition of one nucleotide to the silica 

boxy lie acid) were agitated in dry pyridine (21 ml) for 2 are listed in Table II. 
days. P-Nitrophenol (1.4 g, 0.01 mol) was added, the 

mixture was agitated for an additional day, and then the TABLE II 

reaction was quenched with morpholine (1 ml, 0.011 Protocol for Machine Assisted Polynucleotide Synthesis 

mol). After washing with methanol and ether, the silica 10 Time 

gel was analyzed for unreacted carboxylic acid. Usually Reagent or Solvent** (min) Machine Mode 

a second treatment with DCC (2g, 0.01 mol) and p- s** 1 - ZnBrycHjNOj 30 Rush 

nitrophenol (1.4 g, 0.01 mol) in dry pyridine (20 ml) and ^(CH2)iCH 2 OH^,6.lutidbeyTHF 5 Hush 
finally morphine (1 ml) was necessary to completely Activated Nucleotide w Re^dc 

block the trace amount of free carboxylic acid «10 15 <CH 3 CH20)2P (triazole) 5 Recycle 

/xmol/g) that remains from the first blocking procedure. THP 2 Flush 

5'<)-Dimethoxytritylthymidme t 5'<Wimethoxytri- **J£ idation * Flush 

tyl-benzoyld eoxycy tidine, 5M><liinethoxytrityl-N- chTno? 3 5,^ 

isobutyldeoxyguanosine and 5'^dhnethoxytrityl-N- +thp Tetrthvdroftl — . ^ 

benzoyldeoxyadenosine were converted to activated 20 *a ritk^^TSn Mont* with z«Br 2 « ap^ximatdy ai m b zn Brj 
nucleoside by introduction of the requisite phosphinyl 

chloride group using the following procedure. Typically, 0.25 g of 3 (10 u,moie thymidine) was loaded 

5'<)-Dimethoxytritylthyrnidine (1.6 g, 2.9 mmol) in into the column and the silica washed with nitromethane. 
anhydrous tetrahydrofuran (5 ml) was added dropwise The 5'-Odimethoxytrityl group was removed by flush- 
to a well stirred solution at -78 # of CH3OPCI2 (0.33 ml, 25 ing the column (30 min) with nitromethane saturated 
2.5 mmol) and collidine (1.86 ml, 14.1 mmol) in anhy- with ZnBr 2 (approximately 0.1 M in ZnBrj) at a pump 
drous tetrahydrofuran (5 ml). A white precipitate speed of 1 ml/min. The completeness of deprotection 
formed during the addition. The mixture was stirred for was monitored visually or spectrophotometrically by 
15 min at -78* and then filtered through a sintered observing the release of a bright orange dimethoxytrityl 
glass funnel to remove collidine hydrochloride. The 30 cation. By measuring the absorbance at 498 nm, the 
collidine hydrochloride was washed with dry tetrahy- completeness of the previous condensation step' was 
drofuran (1 ml). The filtrate was then diluted with dry monitored. This step was followed successively by a 
toluene and concentrated to a gum. After dry argon had wash with a solution of n-butanol^,6-lutidine^etrahy- 
been bled into the apparatus, a solution (6 ml) contain- drofuran (4:1:5) for 5 min at a flow rate of 2 ml/min. 
ing toluene:tetrahydrofuran (2:1) was added and the 35 The next step was a wash for 5 min (5 ml/min) with dry 
gum was allowed to dissolve completely in this solu- tetrahydrofuran. During the course of this washing 
tion. solvent was removed by concentration in vacuo. step, the recycle valve and the injector port were also 
This reconcentration using a solution of toluene and flushed with dry tetrahydrofuran and the effectiveness 
tetrahydrofuran was repeated three times. After the of this wash was monitored at 254 nm using a spectro- 
final concentration, the gum was dissolved in dry tetra- 40 photometer. The condensation step was next completed 
hydrofuran (3 ml), cooled to —78° and a solution of using activated nucleotide that had been reconstituted 
tetrazole (0.18 g, 2.6 mmol) in dry tetrahydrofuran (3 using dry tetrahydrofuran. The reconstituted solution 
ml) was added dropwise. A white precipitate of colli- was stored in a dry ice/acetone bath over argon but 
dine hydrochloride formed during the addition. The condensation reactions were carried out at room tem- 
mixture was stirred an additional 10 min at -78° and 45 perature. When reconstituted, activated nucleotide 
then transferred using positive argon pressure and a stored in this way was stable for several days. Approxi- 
cannula to a centrifuge tube filled with argon. The su- mately 10 equivalents of activated nucleotide (100 
pernatant recovered after centrifugation contained the /imole for 0.25 g of 4) in 0.5 to 0.8 ml of tetrahydrofuran 
tetrazolylphosphite product which can be used directly was injected into the apparatus and the machine 
for synthesis of deoxyoligonucleotides. Alternatively, 50 switched to the recycle mode. The activated nucleotide 
the tetrazolylphosphite can be stored as a precipitate was circulated through the silica gel for 1 h at a pump 
and reconstituted as needed. speed of 2 ml/rain. Aliquots of activated nucleotide 

The aforesaid phosphites, i.e. activated nucleotides, from the apparatus were then collected directly into dry 
were used in the synthesis of deoxyoligonucleotides in methanol and water. Analysis as described* previously 
an automated apparatus in accordance with the accom- 55 indicated whether activated nucleotide was still present 
panying drawing. Synthesis of deoxyoligonucleotides. in the system. Usually this is the case. However, occa- 
The apparatus consists of a Milton Roy Minipump, sionally (approximately 1 in 10) the bis methyl phos- 
three way Altex slide valves, a recycle valve (a modi- phite of th deoxynucleotide was not observed by this 
fied Altex valve) and an injector loop (a three way assay. When this occurred, the condensation step was 
Altex valve). All connections were with teflon TM tub- 60 repeated to prevent the possibility of incomplete reac- 
ing and were designed to minimize the tubing volume in tion. The next step involves capping unreacted 5'-0- 
the recycle loop. The column was an 11 mm Ace glass hydroxyls by adding diethoxytriazoylphosphine (1 ml 
column that had been shortened to approximately 1 ml of a 0.3 M solution in tetrahydrofuran) directly to the 
capacity. Cellulose filters were used to support the silica solution of activated nucleotide and continuing the 
bed. The filters were acetylated with a solution of acetic 65 recycle mode for 5 min at a pump speed of 2 ml/min. 
anhydride and pyridine (1:1 based on volume) for 4 h at Residual activated nucleotide and the capping reagent 
50* before use. The total volume contained within the were then flushed from the apparatus using dry tetrahy- 
recycle loop of this apparatus was approximately 2.5 ml. drofuran (2 min at 5 ml/min). This step was followed by 
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oxidation of phosphites using a solution of tetrahy- gated in standard fashion in the machine to the deox- 

^ofuran:i«uUchne: water (2:hl) containing 0.2 M I 2 . ydodecanucleotide. the overall yield was 55% based on 

flushing the system rusLiih ^l^yS^}^ 3 ^ *! eld *™ «* accurately determined. 

min (5 ml/min) and intromethane for 2 min (5 mVmin). .J** Rowing obgonucleoUdes were prepared using 

This cycle is then repeated an appropriate number of %S^Tt^S^ 

times to complete the desired sequence. 5 -dCA-A-T-T-C-A-OC-G-T-G) 

Isolation of Deoxyoligonucleotides. The completely 5 -d(C-G-T-G-T-T-G-A-OT) 
deprotected deoxyoligonucleotides were isolated by the 10 5'-d(A-T-T-T-T-A-C-C-T-C-T) 
following procedure. An aliquot (10 mg) of the silica gel 5'-d(G-G-C-G-G-T-G-A-T-A) 
containing the deoxyoligonucleotide triester in pro- 5'-d(A-T-G-A-G-C-A-C) 
tected form was first treated with thiophenolrtrie- 5'-d(A-A-T-T-G-T-G-Q 
thylamine:dioxane (1:1:2, v/v). After 45 min of gentle 5'-d(T-C-A-T-T-A-T-C-A) 
shaking, the silica gel was recovered by centrifugation 15 5'-d(C-C-G-C-C-A-G-A-G) 
and washed with methanol (4 times) and ethyl ether. 5'-d(G-T-A-A-A-A-T-A-G-T-C-A) 
After air drying, the deoxyoligonucleotide was re- 5'-d(A-C-A-C-G-OA-C-G-G-T-G) 
moved from the support by a three hour treat ment w i th The procedures described in the fore going examples 

-concentrated^ can~also be used for synthesizing mixed nucleoside and 

centrifugation Base protecting jroups were removed 20 deoxynucleoside oligonucleotides by the simple expedi- 

bywarmmg the^r^tant^at 50^ for 12 h in a sealed ency of inserting the desired nucleoside moiety affce 

tube : ™* I <WimethoxytntyIdeoxyohgonucleotide desired point in the sequence Thus, the present process! 

was isolated by concentrating the hydrolysate in vacuo, ; n ^ uJ^I ™Ir i r ^ 7*. present process, 

dissolving the residue in 0.1 M triethylamminium ace^ Zt^ T * V^T? f ° h f °™ Cl * 

tate(pH 7.0) and chromatographing mis material ona 25 ° ttd ? <>f natural sequence of the mdividual nucleosides, 

Cis reverse phase hplc cokmn (Waters Associated) ^ t0 F 0 *" oligonucleotides hith- 

The eluting buffer was 0. 1 M triethylammonium acetate unknown l _ m natural occurrcncc which can be use- 

containing 26% acetonitrile. The peak containing 5'-f> m rcsearcn md synthesis of polynucleotides, and 

dimethoxytrityldeoxyoligonucleotide was concentrated eventually genes for use in biological systems, 

in vacuo and the residue was treated at 20* for 15 min 30 . A Pfrtkukriy preferred embodiment of the present 

with acetic acid-water (4:1, v/v) to remove the 5'-0- invention is the detritylation of the 5'-0 trityl nuclec- 

dimethoxytrityl group. The completely deprotected sides* deoxynucleotides, oligonucleotides, oligodeox- 

deoxyoligonucleotide was isolated by concentration of ynucleotides, polynucleotides and polydeoxynucleo- 

the acetic acid solution in vacuo, dissolving the residue t^es using a Lewis acid, particularly zinc bromide, 

in 25 mM triethylammonium bicarbonate (pH 7), and 35 although other Lewis acids can also be employed, e.g. 

extraction of dimethoxytritanol with water saturated titanium tetrachloride. The use of Lewis acids is supe- 

ether. rior to the use of protic acids for removal of the trityl 

Characterization of Deoxyoligonucleotides. The 5'- group from the S'-O-position since reaction is extremely 

hydroxyl of each deoxyoligonucleotide was phosphory- fast and is not accompanied by depurination. The pro- 

lated using [5'-32 P ] A TP and T4-kinase. The amount of 40 cess is also specific for S'-O-trityl and thus provides a 

deoxyoligonucleotide used in a phosphorylation reao very practical procedure to permit production of 3-0- 

tion was determined by measuring the absorbance and trityl blocked nucleosides by reaction with the 3'-0 and 

using a calculated extinction coefficient which assumed S'-O ditritylated compound 

lu^^T City r OT ^fy^^^^os- ^ procedure me £ y requires contacting the reac- 

SSTSl^^ 45 -ts preferably in a reaction solvent and dftritylation 

column using 10 mM triethylammonium bicarbonate o™™™*™ react ? on * mes - The Lewis acid is 

(pH 7) as eluantGel electrophoresis on polyacrylamide n « n « n y suspended in the reaction solvent and the 

and two dimension analysis were completed using stan- ^f 11 15 mxi3ny water-free to prevent reaction with 

dard procedures. 50 "* e 301(1 to * orm protic acids. In present experi- 

Syn thesis of d(C-G-T-C-A-C-A-A-T-A). Silica gel • ence> mtromethane » the preferred solvent although a 

modified with 5'-0-dimethoxyrtritylthymidine (0.25 g, variety of other solvents can be used, eg. dioxane and 

50 m/g) was loaded into the column and the cycle was tetrahydrofuran and mixtures of such solvents with 

started by washing the silica gel with nitromethane and e* 0 * 1 otner ^ other solvents such as acetone, methy- 

removing the 5'dimethoxytrityl group with ZnBr2. 55 l ene chloride, and the like. 

Elongation was performed as previously described The rate of detritylation was measured and compara- 

using an approximate tenfold excess of the incoming tive data is provided in Table III. 

activated nucleoside phosphite (0.1 mM) at each con- TABLE III 

densation. Synthesis was continued to the completion of — — _ 

the deoxyOCtanudeOtide, d(T-C-A-C~A-A-T-T). At 60 The Rate of DetrhyUtion and Depurination of 5'- 

this point the silica was divided into two approximately ^^"^^v^fo^^^^ Using 

equal portions. One portion was elongated to the deox- an ° 1 " °" ^ . . 

ydecanucleotide in standard fashion. The overall yield c t , „ De4nt y l a uon Pe P urination 

was 64% based on the amount of dimethoxy trityl group Temp ' Tme 2 rupe % 

bound to the support and 30% was the yield isolated 65 satd * ^^/ch^Oi** !8*c <i mm 100 lobrs so 

from a reverse phase hplc column. ^? Br2/ ^° 2 ^, l0min 100 21 hn ° 

Synthesis of ^d(A-CX>-C-T<:.A<>A-A-T-T), The OTa^OH^ l8 C <Inuo 100 5 ™ 50 

remaining portion of d(T-C-A-C-A-A-T-T) was elon- os% toloenesulfonic <rc. lOmin 100 8 hrs 50 
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The Rate of Detritylation and Deputation or 5'- 
Dimcthoxytrityl-N — bcnxoyMeoxy adenosine Using 
Various Solutions* 



Pctritylation 



Solution 



Temp. Time 



Depurination 
Time % 



6. The modified polymer according to claim 3 
wherein the silica gel is macroporous and of a particle 
size ranging from about 5 to about 1,000 m. 

7. A modified inorganic polymer represented by the 
formula: 



arid/CHCbrCHsOH (7:3) 



•All depminanon results nunnarired to this commqnlcatton were obtained by 
analyzi&g mcftoo mixtures osmg reverse phase btgb pressure Ibjtiid chrofnatogro* 
phy. Estimates of detritylation times were by thin layer chromatography. 
••A mtromethaoe solution saturated with ZnBrj is approximately O.I M in ZnBr*. 

The results obtained with various tritylthymidines at 
room temperature with zinc bromide is given in Table 
IV. 
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TABLE IV 



The Rate of Dctritylation and Degradation of 5'- 
Trityldeoxynucleosidcs Using ZnBr2 at Room 

T emperature 



Deoxynucleoside 



5*-Dtmethoxytrityl-N— 


<1 min 


100 


SOhrs 


isobutyryldeoxyguanosfne 








5'-Dmiethoxytrityl-N— 


<t min 


100 


24hrs 


benzoyldeoxycytosine 








S'-Dtmethoxytrityl thymidine 


<1 min 


100 


24 hrs 


and at 0* C in Table V. 









TABLE V 



The Rate of Detritylatton of Various Tritylthymidines 
Using Saturated ZnBre in Nitromethane at 0* C 



Nucleoside 



Time 



% Detritylatton 



5'-Dimethoxytritylthyrnidme 1 min 50 

5'-MonomethoxytrityI thymidine 1 min 50 

5-Tritylthymidine 10 mm 50 

3'-Mon omett oxy tritylt hymidine 30 min 10 
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Detritylation Degradation 20 

Time % Time wherein ® is an inorganic polymer linked to the 3' 

— O through an ester linkage; R is H or a blocking 
group; Rt is a hydrocarbyl radical containing up to 10 
carbons, each B is a nucleoside or deoxynucleoside base 
25 and each A is H or OR. 

8. The modified polymer according to claim 7 
wherein the polymer is a silica gel and A is H. 

9. The modified polymer according to claim 8 
wherein free silanol hydroxy groups of the silica gel are 

30 blocked. 

10. The modified polymer according to claim 8 
wherein the 5' — O — blocking group is a trityl group. 

11. The modified polymer according to claim 10 
wherein the trityl group is dimethoxytrityl or monome- 
thoxytrityl. 

12. The modified polymer according to claim 8 
wherein B is at least one of adenine, guanine, cytosine, 
uracil and thymine. 

13. A modified inorganic polymer comprising an 
oligonucleotide or deoxyoligonucleotide covalently 
bound to said polymer through an ester linkage formed 
through the 3' —OH of the initial nucleoside moiety, 
wherein the terminal nucleoside is attached through a 
phosphite or phosphate triester linkage to the oligonu- 
cleotide chain and the 5' — O — substituent is H or a 
blocking group. 

14. The modified polymer according to claim 13 
wherein the polymer is a silica gel 

50 15. The modified polymer according to claim 12 
wherein the free silanol hydroxy groups on the silica gel 
are blocked. 

16. The modified polymer according to claim 12 
wherein the 5' — O — blocking group is a trityl group. 

17. The modified polymer according to claim 14 
wherein the oligonucleotide or deoxyoligonucleotide is 
attached to said silica gel through the 3' — O— linkage, 
— Si — Z — NHCO — Z — i — CO — wherein each of Z 
and Zi is a hydrocarbyl radical containing up to 10 
carbons. 

18. A process for production of oligonucleotides 
which comprises the step of condensing the 3' — OH or 
5' — OH group of a nucleoside or oligonucleotide cova- 



The detritylation procedure is not restricted to poly- 
mer support synthesis but is also useful for strictly solu- 
tion synthesis procedures where the use of trityl groups 40 
is included in the reaction sequence. 

What is claimed is: 

1. A modified inorganic polymer represented by the 
formula: 

45 

0 A P O A 

1 .1 I 



I 

ORi 



60 



wherein ® is an inorganic polymer linked to the 3' or 
5' — O— of the nucleoside through a base hydrolyzable 55 
covalent bond; R is H or a blocking group; Ri is a hy- 
drocarbyl radical containing up to 10 carbons; each B is 
a nucleoside or deoxynucleoside base; and each A is H 
or OR. 

2. The modified polymer according to claim 1 
wherein Rj is lower alkyl. 

3. The modified polymer according to claim 1 
wherein the polymer is a silica gel. 

4. The modified polymer according to claim 3 
wherein free silanol hydroxy groups on the silica gel are 65 lently linked to an inorganic polymer by a coupling 
blocked. agent through the 5' — O— or 3' — O— , respectively, of 

5. The modified polymer according to claim 3 said nucleoside or oligonucleotide with a phosphite 
wherein the 5' — O— blocking group is a trityl group. compound of the formula: 



4,458,066 

25 26 



RlO— P- 
X 



O A 
I 



30 nucleotides attached through the 5' — O and 3' — O 
positions. 

34. A process for production of oligonucleotides 
which comprises the step of condensing a compound of 
the formula: 



HO-y^ ° 



wherein R is a blocking group; B is a nucleoside or 10 
deoxynucleoside base; A is H or OR; Ri is lower alkyl; 
and X is CI or Br, or a secondary amino group. 

19. The process according to claim 18 wherein the - 
phosphite compound is of the formula: . . _ . 

15 wherein B is a nucleoside or deoxynucleoside base, A is 
H» OH or OR; and © is silica covalently bound to the 
nucleoside by the group — ZiNHCOZCO— wherein 2 
and Zi are each alkylene of up to 5 carbon atoms, with 
a nucleoside phosphite compound of the formula: 
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wherein substituents R^i, X, A and B are as previously 

defined and said condensation occurs through the 5' 15 o 

—OH of said nucleoside or oligonucleotide. I 

20. The process according to claim 19 wherein R\ is RjO— P— X 
lower alkyl. 

21. The process according to claim 19 wherein the wherein A and B are as previously defined; Ri is lower 
inorganic polymer is a silica gel. _ alkyl; R is a blocking group; and X is CI or Br, or a 

22. The process according to claim 21 wherein A is H secondary amino. 

and R is a trityl blocking group. 35* The process according to claim 34 including the 

23. The process according to claim 22 wherein the farther step of oxidizing the phosphite triester to a phos- 
free silanol hydroxy groups on the silica gel are blocked phate triester. 

prior to the condensation reaction. « 36. The process according to claim 35 wherein h is 

24. The process according to claim 22 wherein the ^ e oxidizing agent 

trityl group is dimethoxytrityl. 37. The process according to claim 35 wherein the 5' 

25. The process according to claim 21 wherein the — 0 — blocking group of the product thus obtained is 
silica gel is covalently linked to said nucleoside or oligo removed and the product is then condensed with a 
nucleotide through an ester linkage. » further nucleoside phosphite compound of the said for- 

26. The process according to claim 21 including the mula. 

further step of oxidizing the resulting phosphite triester 38. The process according to claim 37 wherein 

to a phosphate triester. (1) the product thus obtained is oxidized to obtain the 

27. The process according to claim 26 wherein I2 is corresponding phosphate triester; 

the oxidizing agent 4 (2) the 5' — O blocking group is removed; and 

28. The process according to claim 26 wherein the 5' 0) the product is condensed with a further nucleoside 
— O — blocking group of the product thus obtained is phosphite of the said formula. 

removed and the product is then condensed with a 39. The process according to claim 38 wherein each 

further nucleoside phosphite compound of the said for- °f steps 1, 2 and 3 are repeated to successively add 

mula. 5Q nucleosides to the oligonucleotide chain. 

29. The process according to claim 28 wherein 40. The process according to claim 39 wherein the 

(1) the product thus obtained is oxidized to obtain the oligonucleotide chain comprises from about 10 to about 
corresponding phosphate triester, 30 nucleosides attached through the 5' — O and 3' — O 

(2) the 5' — O — blocking group is removed; and positions. 

(3) the product is condensed with a further nucleoside 55 41. The process according to claim 39 wherein the 
or oligonucleoside phosphite of the said formula. phosphate triester product is hydrolyzed to form the 

30. The process according to claim 29 wherein the 5' oligonucleotide and silica gel, and the oligonucleotide is 
— O— blocking group is a trityl group and the said separated therefrom. 

group is removed by reaction with a Lewis acid. 42. The process according to claim 41 including the 

31. The process according to claim 30 wherein the 5' ^ further step of removing blocking groups from the oli- 
— O— blocking group is a dimethoxytrityl group and gonucleotide. 

said Lewis acid is zinc bromide. 43. A process for producing polynucleotides which 

3Z The process according to claim 29 wherein each comprises the step of condensing the 3' —OH or 5' 

of steps 1, 2 and 3 is repeated to successively add nu- —OH of a nucleoside linked to a functionalized inor- 

cleosides to the oligonucleotide chain. 63 ganic polymer with a compound which is the reaction 

33. The process according to claim 32 wherein the product of nucleoside and blocked phosphodichloridite. 

oligonucleotide chain comprises from about 10 to about ' ***** 



